Mexico is a megadiverse country and Veracruz is one of the states with the highest floristic diversity. The reserve of La Mancha in central coastal Veracruz comprises several vegetation types. In this site we conducted for a year, monthly surveys of flowering or fruiting plants in six vegetation types, considering the frequency of occurrence of different species. We found a total of 147 species (131 genera and 63 families). The families most represented were Asteraceae, Fabaceae and Verbenaceae. In addition, we found nine species that had not been reported in previous floristic studies. The highest taxonomic richness was observed in the tropical deciduous flood forest with wetland (59 species), while the highest diversity was found in tropical deciduous forest (SDI = 0.9562). We also found that the most similar vegetation types based on the composition and frequency of species were, coastal dune scrub, tropical deciduous forest and pioneer dune vegetation. The dominant plant biological form in La Mancha were herbs (40.41 %) followed by shrubs (23.97 %), vines-lianas (18.49 %) and trees (17.12 %). This study is the first to consider the frequency-occurrence of flowering and fruiting plants in La Mancha, covering six vegetation types through one year. The more relevant results of this study show the diversity of plants in different environments using the frequency of each species based on reproductive events. This information could be useful in future researches that evaluate plant-animal interactions, like pollination and seed dispersal. Key words: floristic, flowering plants, fruiting plants, La Mancha, Veracruz.
CRISTIAN ADRIAN MARTÍNEZ-ADRIANO ET AL.
ed in 36,000 plant species for Mexico (Neyra-González and Durand-Smith, 1998) , concentrated in Chiapas, Oaxaca and Veracruz mainly; further, the arid ecosystems comprise a great proportion of endemic species (Rzedowski, 1991; .
In Mexico, Veracruz State is the third place in floristic richness with 7,855 taxa only below of Chiapas and Oaxaca (Rzedowski, 1991; Castillo-Campos et al., 2011) ; such richness is distributed in 19 vegetation types (Miranda and Hernández, 1963) . La Mancha reserve is located in the central coast of Veracruz, where several vegetation types are represented (Castillo-Campos and Travieso-Bello, 2006) . In this area several floristic surveys has been developed focused on biodiversity, ecological and management aspects. Many of this studies are related on characterization of biological forms, or on inventories on particular vegetation associations García-Franco, 1996; Castillo and Moreno-Casasola, 1998; Castillo-Campos and Medina-Abreo, 2005; Moreno-Casasola and Travieso-Bello, 2006; Peralta-Peláez and Moreno-Casasola, 2009; MorenoCasasola et al., 2010; Infante-Mata et al., 2011) ; other studies, are more exhaustive vegetation compendia on coastal area (Novelo-Retana, 1978; Castillo-Campos and TraviesoBello, 2006) .
Coastal vegetation in La Mancha is the result of an interphase between the sea and land, where their ecological processes are linked (Fragoso, 1995) to configure complex ecosystems; it is particularly interesting because it is so far known the only site in México that house tropical sub-deciduous and tropical dry forest occurring over coastal sand dunes (Castillo-Campos, 2006) . Also due to dune formation, sand movement, dune erosion and marked seasonal abiotic changes (Moreno-Casasola, 1982; Moreno-Casasola and Travieso-Bello, 2006; Rico-Gray et al., 2012; Sánchez-Galván et al., 2012) , thus generating an local ecological scenario where a great diversity of biological processes can be developed, such as pollination, seed dispersal, recruitment, competition, migration and herbivory (Turner et al., 1996; Benítez-Malvido, 1998; Benítez-Malvido et al., 1999; Cordeiro and Howe, 2001; Wright and Duber, 2001; Chacoff et al., 2004) .
In this area previous studies has been developed only for a few specific plant species, also studies at community level are scarce, and the available studies are centered on reproductive biology (Rico-Gray and Castro, 1996; García-Franco and Rico-Gray, 1997a; 1997b; Arceo-Gómez et al., 2012) , ant-plant interactions (Rico-Gray et al., 1998; Torres-Hernández -Hernández et al., 2000; Cuautle and Rico-Gray, 2003) , diversity of ants by vegetation types (Rojas et al., 2014) , floral visitors richness (González-Vanegas, 2011; Rodríguez-Morales et al., 2013) , and frugivory by birds (Ortiz-Pulido, 1997) . In addition, community-level studies have been developed for extrafloral-nectary bearing plants (Rico-Gray, 1993; Díaz-Castelazo et al., 2004; Rico-Gray et al., 2012) , pollination networks (Hernández-Yáñez et al., 2013) , and also studies on phenology (Castillo and Carabias, 1982; Mehltreter, 2006) . Despite the wide range of studies that have been conducted in La Mancha there are not investigations with a focus at the level of the plant community and further considering reproductive effort. Based on this background we did the characterization of flowering and fruiting plants, and show how is the intensity of these phenological stages over a year, including different vegetation types inside La Mancha. The objectives of this study were: (a) make a floristic characterization of the plant flowering and fruiting species in six vegetation types, (b) determine the biological forms of flowering plants, and (c) evaluate the reproductive offer (occurrence-frequency) in these vegetation types.
Materials and methods
Study area. Field work was carried out at Centro de Investigaciones Costeras La Mancha (CICOLMA) located on the coast of Veracruz, Mexico (96°24'48"W, 19°40'33"N and 96°22'25"W, 19°31'49"N) . The CICOLMA is a natural reserve area managed by Instituto de Ecología, A.C. (INE-COL) and comprises an area of 83.29 ha, which includes several native vegetation types (including wetlands and dune vegetation), transformed forest/agricultural sites, experimental areas and a field station (Moreno-Casasola and Monroy, 2006). The CICOLMA was declared as Ramsar site in 2004 and the protection of natural resources and wildlife is given to INECOL by Mexican federal regulatory organisms in the matter, framed by intergovernmental treaty "The Ramsar Convention on Wetlands" (Secretaría de la Convención de Ramsar, 2013) .
The main vegetation types in La Mancha are tropical sub-deciduous forest on two soil types based on mineralogical and physicochemical analyses (Dubroeucq et al., 1992; Geissert and Dubroeucq, 1995) , tropical deciduous forest, sand dune scrub, mangrove forest, freshwater marsh and tropical deciduous flood forest (Miranda and Hernández, 1963; Rico-Gray 1993; Castillo-Campos and Travieso-Bello, 2006 ). The climate is warm sub-humid, and the annual precipitation average is 1,300 mm, 78 % of the total annual precipitation occurs during the rainy season, the mean annual temperature is 25 °C Kellman, 1990; Kellman and Roulet, 1990; Kavanagh and Kellman, 1992; Kellman and Delfosse, 1993; Rico-Gray, 1993; Díaz-Castelazo et al., 2004) , 18 °C in coldest month and > 22 °C on warmest month . The study site is markedly seasonal (Rico-Gray and Oliveira, 2007; Díaz-Castelazo et al., 2010) with three distinctively different seasons, the dry season (FebruaryMay), the rainy season (June-September), the winter cold front season ("nortes", October-January). In this area, 837 plant species have been recorded, 50 % of which are herba- ceous plants and the rest are shrubs, trees and vines-lianas (Castillo-Campos and Travieso-Bello, 2006) . The study was carried out at six different vegetation types: (1) coastal dune scrub (CDS), (2) pioneer dune vegetation (PDV), 3) tropical sub-deciduous forest in young soil (TSF-1), (4) tropical sub-deciduous forest in old soil (TSF-2), (5) tropical deciduous forest (TDF), and (6) tropical deciduous flood forest with wetland (TDF-W). For the present study, we unified the Gymnanthes forest with tropical sub-deciduous forest, and savanna with tropical deciduous forest, both in one vegetation type (Figure 1 ).
Sampling design.
In each site we established one transect with 20 permanent points separated approximately 20 m each other (Figure 1 ). Based on each permanent point, we established round plots with five meters in radius from centered fixed point like Franco-Gaona et al. (1998) . In each round plot we recorded all plant species in flowering and/or fruiting stages. With the species recorded by point, we calculated the presence and the occurrence frequency by species for each point.
The samplings were made monthly in all vegetation types to record all possible flowering or fruiting plants that were distributed in the area. For each plant species we recorded the vegetation type, biological forms and presence in each point, in order to obtain frequency of occurrence. In tropical sub-deciduous forest in young and old soil, tropical deciduous forest, and tropical deciduous flood forest with wetland (Figure 2 ), only plants under canopy were considered; thus, those species above canopy were discarded.
Botanical sampling and identification. We collected two or more samples of each species in order to carry out the botanical identification. The determination of our botanical samples was performed by comparing them with specimens deposited in the herbarium XAL, also with the aid of taxonomic keys and field guides of the plant species of the area, as well as personally consulting with botanical specialists. The used nomenclature was according to The International Plant Names Index. Number of genera by family. We observe the same tendency with Fabaceae and Asteraceae comprising the major number of genera (22 %), while 54 % correspond to genera with less (or equal) to two genera per family. In parentheses is show the number of species and genera respectively. means species dominance within the community (D), larger index values meaning lower diversity (Simpson, 1949; 1960) . With D estimates, we obtained, in order to establish habitat plant diversity, the Simpson´s Diversity Index (SDI = 1 -D) with software PAST 2.01 (Hammer et al., 2001) , this index ranges 0 to 1 (being most diverse the values close to 1, and less diverse values close to 0). Also, we grouped the vegetation types with Jaccard Similarity Cluster Analysis to determine which vegetation types were most similar. Finally, we use EstimateS software (Colwell, 2013) to calculate the Chao-Jaccard Similarity Index from frequency of incidence (Chao et al., 2005) ; this is an accurate estimator because it considers species abundance or frequency of incidence. (Table 1) . Asteraceae showed the largest number of genera and species (17 and 17 respectively), followed by Fabaceae (16 species) and Verbenaceae both with six species and six genera ( Figure 3A , B). These three families comprise 27 % of all observed species, while the other families only had five or less species. Among the flowering and/or fruiting plant species at our sampling points, we found interesting species from a conservationist perspective, such as the threatened wetland tree species Conocarpus erectus (according to Mexican conservation regulation NOM-059-SEMARNAT-2010 [SEMARNAT, 2010] ), and Chamaecrista chamaecristoides (Caesalpinaceae) and Palafoxia lindenii (Asteraceae) both as endemic species (according to Martínez and Moreno-Casasola, 1998; Álvarez-Molina et al., 2013) . In addition it is important to note that nine species not have been cited previously for this study area: Neurolaena lobata (Asteraceae), Tillandsia utriculata (Bromeliaceae), Capparidastrum frondosum (Capparaceae), Crossopetalum gaumeri (Celastraceae), Calliandra eriophylla (Mimosaceae), Desmodium scorpiurus (Fabaceae), Lonchocarpus fuscopurpureus (Fabaceae), Vigna adenantha (Fabaceae), and Trichocentrum luridum (Orchidaceae).
Richness estimates in sampled vegetation

Results
Floristic richness estimates in each vegetation
On the other hand, in terms of vegetation types, we found the highest taxonomic richness in tropical deciduous flood forest with wetland (59), followed by coastal dune scrub with 50 species, pioneer dune vegetation (47 species), and tropical deciduous forest (41 species). Considering families, Fabaceae had the highest contribution at tropical deciduous flood forest with wetland and coastal dune scrub. In the tropical deciduous forest the highest contribution is given by Asteraceae and Fabaceae, whereas Asteraceae was a mainly important family at pioneer dune vegetation. The species diversity index showed that the tropical deciduous forest was the most diverse (SDI = 0.9562), followed by pioneer dune vegetation (SDI = 0.9437), coastal dune scrub (SDI = 0.9377), tropical deciduous flood forest with wetland (SDI = 0.9036), tropical sub-deciduous forest in old soil (SDI = 0.8677), and tropical sub-deciduous forest in young soil (SDI = 0.6254). The analysis of Jaccard Similarity formed three different clusters, the first group consisting of coastal dune scrub (CDS), tropical deciduous forest (TDF) and pioneer dune vegetation (PDV), where both the deciduous tropical forest (TDF), and pioneer dune vegetation (PDV) had the highest values of Chao-Jaccard similarity with coastal dune scrub (CDS). In turn, the second group was formed of two subtypes of tropical subdeciduous forest, while the tropical deciduous flood forest with wetland formed a separate cluster non-similar to any other vegetation type (Table 2, Figure 4) . Biological forms. Considering the six vegetation types, the herbs contribute with 40.41 % of species, followed by shrubs (23.97 %), vines-lianas (18.49 %), and trees (17.12 %). Moreover, herbs were represented mostly by Asteraceae, whereas shrubs, vines-lianas, and trees were well represented by Fabaceae. On other hand, the herbs were the most represented biological forms followed by shrubs in coastal dune scrub, pioneer dune vegetation, and tropical deciduous forest. Shrubs and herbs were the most important biological form in tropical sub-deciduous forest in old soil. Moreover herbs were highly represented as main plants in the tropical deciduous flood forest with wetland; however, this site showed that vines-lianas were well represented as well.
Flowering and fruiting display. Overall, our results showed that species with the highest frequency of occurrence in these phenological stages were: Commelina erecta, Bidens pilosa, Macroptilium atropurpureum, Crossopetalum uragoga (Table  1) . On other hand, and some species like C. erecta, B. pilosa, Palafoxia lindenii, M. atropurpureum, and C. uragoga had a flower display and fruit setting in long periods through year, while, Randia aculeata var. dasyclada, Opuntia stricta, and Florestina pedata had a flower display in some months and fruit setting on almost months posterior to flowering. In addition, the species that had high frequencies also we were recorded in three or four vegetation types, like Bidens pilosa and Crossopetalum uragoga which occurred in four, followed by Commelina erecta, Macroptilium atropurpureum, Randia aculeata var. dasyclada, and Florestina pedata in three vegetation types. The other species occurred in less than three vegetation types and had low frequencies ( Table  1) . We also classified the plant species based on floral symmetry and we observed that plant species with actinomorphic flowers had higher number of species (67 %) than those plants species with zygomorphic (25 %) and asymmetric (8 %) flowers. Asteraceae showed the highest number of actinomorphic species, while Fabaceae, Mimosaceae and Caesalpiniaceae had more zygomorphic and asymmetric flowers species.
Discussion
In this study we recorded 147 plant species, that represent 53.4 % of all families, genera (28.1 %), and species (17.5 %) registered in La Mancha by Castillo-Campos and TraviesoBello (2006) , also this represent 1.85 % of total flora of Veracruz State (Dirzo and Gómez, 1996; Castillo-Campos et al., 2011) . Inside of Veracruz State the great floristic diversity is distributed in 19 vegetation types (Miranda and Hernán-dez-X., 1963; Castillo-Campos et al., 2011) . In other areas, like Los Tuxtlas Biosphere Reserve (329,941 ha) have been reported 22 vegetation types, containing 3,356 species and 212 families (Castillo-Campos and Laborde, 2004) ; in La Sierra Cruz Tetela 569 species were reported that belong to 110 families, which 22 are introduced in crop fields in three vegetation types (Castillo-Campos et al., 2003) , while at the present study we recorded plant species only in six vegeta-
tion types, inside a very small area (83.29 ha), focusing only at flowering and/or fruiting species, discarding those without reproductive events, thus, our study is a small representation of all the plant diversity at the state scale. Despite this we found nearly half of species recorded in previous studies in the same place that used specific methods for vegetation analyses (Castillo-Campos and Travieso-Bello, 2006) .
Other important findings are the nine new species that have not been reported previously in the existent inventories in La Mancha. This is important to be highlighted because new species could be present at these environments, as well as determining if these species are ruderals or potentially become invasive species. On the other hand, species like Crossopetalum gaumeri, Calliandra eriophylla, and Lonchocarpus fuscopurpureus have been registered and accessed as herbarium specimens (XAL-Herbarium), but have not been recorded in floristic studies.
Several studies in Veracruz found that the families with largest number of species were Fabaceae and Asteraceae mainly (Castillo and Moreno-Casasola, 1998; Castillo-Campos et al., 2003; Castillo-Campos and Travieso-Bello, 2006; Arroyo-Rodríguez et al., 2009) , and in other studies the second most represented family was Asteraceae (Castillo and Moreno-Casasola, 1998; Castillo-Campos and Travieso-Bello, 2006; Espinosa-Jiménez 2006; Espinosa-Jiménez et al., 2014) , similarly, our findings showed this pattern. At the present study a concentration of species richness in few families was found: 27 % of all recorded species were comprised in only three families. This pattern is concordant with other floristic studies, i.e. in Los Tuxtlas Biosphere Reserve on 45 rainforest fragments 21 % of all identified plant species, were concentrated within only four families (Arroyo-Rodríguez et al., 2009) ; also in coastal dune systems in central Veracruz, more than half species are represented in a small number of families (16 of 91 families) (Castillo and Moreno-Casasola, 1998) .
Considering the species richness in different vegetation types and comparing it with the total of species reported for Veracruz (7,855 species) (Castillo-Campos et al., 2011) , we found that tropical flood deciduous forest with wetland represent 0.75 % of plant species in the state, while coastal dune vegetation (considering pioneer dune vegetation and dune scrub for this research) represent 0.94 %, and for tropical deciduous forest only 0.52 %. Particularly, for wetlands at La Mancha, Infante-Mata et al. (2011) reported 12 species while in present study we found 59 species. On other hand, in in contrast with the list of Castillo-Campos and Travieso-Bello (2006) , our more-local survey the local representation of this survey; the tropical flood deciduous forest with wetland represent 62.1 % of total plant species, coastal dune vegetation represents 35.1 %, and tropical deciduous forest a 9.51 %. Thus, the floristic survey provided at the present study is truly representative of the sampled vegetation types.
Moreover, Castillo-Campos and Travieso-Bello (2006) found that the floristic communities of La Mancha that share a large number of species and have a higher similarity were the coastal dune vegetation, deciduous forest, and tropical sub-deciduous forest. These results were similar to those observed in our study, since the cluster analysis according to the identity and frequency of each species as well as the analysis of Chao-Jaccard, showed higher similarity between coastal dune scrub, tropical deciduous forest, and pioneer dune vegetation. This pattern was also observed for the analysis of floristic diversity associated with extrafloral nectaries in La Mancha, where the vegetation types with highest similarity values (in number of shared species) were coastal dune scrub and pioneer dune vegetation (DiazCastelazo et al., 2004) . The pattern showed at the present study points out that coastal dune scrub, tropical deciduous forest and pioneer dune vegetation in La Mancha, shared a large number of species and similar frequencies, making them more similar to each other.
In general, another important aspect within plant communities is the diversity of biological forms, that, depending of the vegetation type, are represented by trees, shrubs, vines-lianas, and herbs, and in some cases are considered as functional groups (Ribeiro et al., 1999) . Frequently, herbs represent the main number of species, followed by shrubs, trees and vines-lianas within plant communities (Dirzo and, Gómez, 1996; Castillo-Campos et al., 2003; CastilloCampos et al., 2011) , and in some studies shrubs, trees, and vines-lianas can change in the order of importance in which they are represented (Castillo-Campos et al., 2003; Castillo-Campos and Laborde, 2004; Ponce-Vargas -Campos and Laborde, 2004; Ponce-Vargas et al., 2006; Espinosa-Jiménez et al., 2014) . Also this pattern was observed in the plant community of La Mancha (Castillo and Moreno-Casasola, 1998; Castillo-Campos and TraviesoBello, 2006) , and similar to observations in our study, herbs were the most importantly represented and only changing the order of trees and vines-lianas. In addition, our results were consistent with reported in the literature for Asteraceae as a family with most contribution to herbs, while Fabaceae, Mimosaceae, and Caesalpiniaceae have an important contribution to the tree, shrub, and vine-liana biological forms, similarly to reports by Espinosa-Jiménez et al., (2014) . Herbs also were well represented on all vegetation types in this study followed by shrubs, and trees, while vines-lianas were only well represented for the tropical flood forest with wetland, in accordance to Castillo-Campos and TraviesoBello (2006) . Thus, the more representative plant biological form for La Mancha at the present study was herbs and this biological form was mainly represented by Asteraceae, whereas the trees, shrubs, and vines-lianas were comprised in Fabaceae, Mimosaceae, and Caesalpiniaceae.
The frequency, density and abundance of plant species in different environments involving reproductive events (i.e. flowering and fruiting) is not common in floristic studies; this information was also lacking for plant communities in La Mancha, where there are no studies considering these et al. (2011) found (using absolute densities) that Pachira aquatica, Ficus insipida subsp. insipida, and Annona glabra are the most common species of trees and the vines-lianas Dalbergia brownei, Hippocratea celastroides, and Rhabdadenia biflora in swamp of La Mancha. Our study reported also P. aquatica, A. glabra, and D. brownei in tropical deciduous flood forest with wetland, however, from our perspective of flowering and fruiting plants, these three species showed very low frequencies. On the other hand, we observed that plant species with high frequency of occurrence (as Bidens pilosa and Crossopetalum uragoga) occurred in four vegetation types, while, Commelina erecta, Macroptilium atropurpureum, Randia aculeata var. dasyclada, and Florestina pedata occurred in three vegetation types, in accordance to the information of the existing plant checklist (Castillo-Campos and Travieso-Bello, 2006) , because these species occur in the same environments in both studies.
In summary, this is the first study that evaluates the frequency-occurrence of plants flowering or fruiting in six vegetation types simultaneously through one year, comprising dry, rainy, and winter cold-front seasons. The relevance and novelty of our study is that it shows the diversity of plant species in different environments, but more importantly is to show the frequency of each species based on reproductive events. This information can be used in future research evaluating ecological and biological processes at community level or in plant-animal interactions, i.e. pollination and seed dispersal.
